Introduction
Current-induced magnetic domain wall (DW) motion has been intensively investigated because it has a great potential for future applications as well as physical interest. According to the theory, two kinds of torques, adiabatic and non-adiabatic spin transfer torque, can induce the DW motion. It is well known that in NiFe nano-wire, which has been widely used, the non-adiabatic torque is dominant for the DW motion [1] . However, the experimental evidence of the DW motion induced by the adiabatic torque has never been reported despite its well-established theory. We investigated the threshold current density for DW motion, J th in Co/Ni nano-wire with perpendicular magnetic anisotropy and revealed that the DW motion in Co/Ni wire was purely induced by the adiabatic spin transfer torque [2] . In addition, the DW velocity, v, was also investigated.
Experimental setup
Co/Ni films were deposited on Si-substrate by using dc magnetron sputtering. Fig. 1 shows the schematic illustration of the device. Co/Ni nano-wires with various widths, (40-300 nm) were fabricated by electron beam lithography and ion milling. Two Au/Ti electrodes and the Hall probe were attached on the wire. The DW motion was detected by measuring the anomalous Hall resistance, R Hall . The procedure of experiment was as follows. First, a magnetic field of 4 kOe was applied in the perpendicular direction of the sample plane to make the wire single domain state. Then, a pulsed current was injected into electrode A and the DW was created in the wire by the local magnetic field. And then, multi current pulses were injected into the wire. R Hall was measured after each pulsed current to check the DW moves or not. All measurements were performed at room temperature. Figure 2 shows J th as a function of wire width, w. J th was determined as the current density where the probability of the DW motion was 50 %. J th decreases with w while it is almost constant in the range of w > 150 nm. However, J th increases with reducing w when w becomes smaller than 70 nm. This behavior of J th can be explained by w dependence of the hard-axis anisotropy, which is considered to be the origin of J th if the DW motion is induced by the adiabatic torque. This result clearly indicates that in Co/Ni nano-wire current-induced DW motion is induced by adiabatic spin transfer torque.
Result and discussion
We also investigated the effect of external magnetic field on J th . External magnetic field dependence of J th is shown in Figure 3 . J th shows almost no dependence on applied magnetic fields in the range of + 50 to -50 Oe. It indicates that J th is not sensitive to the DW pinning potential, while the application of magnetic field modifies it. The observed field-insensitivity of J th , thus the pinning strength insensitivity of it [3] also can be the strong evidence that the adiabatic spin transfer torque dominates the DW motion in Co/Ni wire.
J th only decreased with reducing w and no minimum value was observed when Co/Ni film having other composition was used (Figure 4) . This is because the critical w at which the minimum of J th is observed changes with the perpendicular magnetic anisotropy which depends on the composition of Co/Ni films. Figure 5 shows v as a function of external magnetic field. In the range of + 50 to -50 Oe, v also shows no dependence on applied magnetic fields. 
Conclusions
We investigated current-induced DW motion in Co/Ni nano-wire with perpendicular magnetic anisotropy and revealed that in Co/Ni wire the DW motion is purely induced by the adiabatic spin transfer torque. In addition, the geometrical tenability and field insensitivity of J th and v observed in this experiment are important for application. 
